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Si ribbon crystal for the solar ck;; tery _Lin
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Hiroshi :^orif u j i, D!asayoshi :i:atsuo, and
Takeshi X.aki

	

Japan Silicon Co.,	 ..

.	 :.n 1909 C. E. Bleil of G.

	

3-_-ystal growth of ice and gerr^.Gr._,::,. 	 order	 ,••JVC

_'ror.. coagulation in the growth size, solid material:: .irectly in

contact- .,it h the crystal surface were used for ccoli::^. 	 -,e ;,4s
uneven cool s ng dae to t e lm er f ect co n LOt ar..ong 

t
he	 _ ;	 :criG^

them.-elvza and as a	 wlt_ Vr.Cr v was a ,rode:. in

pr ec ^: _c:: of the wafer- like crystal. Furt er::.ore ; : at

sl '--'co.-. ." it:t a c.idh melting point and active chemical reac :.^
:i te: er .'ur e were found difficult to uce. The rate of o'--'_-
also slo :. As a part of t.ze Sunshine Plan, (research and Deve_-
:rt of the So l ar ray Electricity Generation Sy;.te: ), t'4-0 sil-con

.iI1I:_iv ribbon Cryst al Sr oath  e—I od	 tean r^C.'u4 arc i. ^: C

.:vc_o .ed. .,da_cdlLy, it is a new ve _- a io.: of V.^^. B i el!^ 	 V..J-

_.	 l z .ows ti:e pri ncip Ic of --h a 	p Ullinz

systee::, The sallent points in ,,..e ...e;,hou are that, by a; pig-ng

i sort sort of device to spray noble gases to cool the site of Src::th,
(_) soft and unifor: cooling was pos::ible, (2) the length cf ne
^Jcu:.dary .::r f ace of growth aloe- the growth direction was ...:. ze I c.
ova: a ride : Idt I.-4 compared to the t sickness, wn a (3) thi.:
" ssible vo e _ oc Vive_J re..-ove V..@ hrrat : r oduc0d

,isirg forced gas spray inn,  on t e solution s-Lr c  _.. c^::.
poi:: a of crystalg: c;:t► ,	

t .	 V	 ..	 , ..V • 4V v.. t.	 ^i
,
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and ...,: ... i of ^, O.. vA C....: b e S; ze C e u	 J.
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roseareh began in 1974. --wring 1974, an initial
: r;a	 .1e system, Machine ':uimbor One, for tic• hIZh f :^C;'1G:.C;,r

^ r stem was devlseu to conduct	 .^ test:. for cr ;; :.taI
...achine,

. ..	 and in
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c - ,^i^'con cr^ , stal •	 - cr iresee t..	 .E	 0.:.: Crystal
roll'ar
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	bra.	 d crystal. On the basis cf th y: rezul;.s
ore, urino 1976, aehi ^e :^'u::b^ ,^ T:.ree (?hotG l i

,.I	 i nuous process :rechanis: r:as built (a
	outside the raw material	 a

Out ::c G.:	 -or 	 C1'yStal. JutSl :^: :;'re

:c).	 .esti:.^; r.az started for practica l 	 ....'era_

of all z..e characteristic ;.rupc:rt i v5 of the 3lliccrl :... -
Jbon cryzJ .,;:_ :7.4V.:ad L..Gb it has about;	 sa—"-

^'"'St^ 1 P e"110d	 ^"^ e ^hOt0@' _ Cn " j ^ m  V"'=

.1 y

eff	 a.. is	 ?.	 ..itli	 te: ;t solar battery usin t::a	 "lap ba::ic
pane..." won c; y: :ate.	 (7hic	 1 6 equivalent to in core the
rc n̂ _.. prevent:^ cn	 ;,:.::...., ar.e i:.'	 used)	 Since	 1977, uasuc. on

^.. far	 (see: Table	 1), c^velopmental research i.a^	 '•-	 ..	 ^^'.i-
rat. -,n the estab-^shmant o: w :.al2ncec continuous

:.chi:.- Number Three equ`,-, ed with a fur: w-
Wade ase of the :cep bctto : r..elti :^; pct
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:'h c° undesirabl y phenomena ::t:ch c:ffvct tr:u t;:lanccd continuous
pullin i; out r.:::ti^oc: are as follotir:;:

Dever op , ,,m ^ of r ccvystals.
Bridge at ;,h,: point of pulling out (r''ig. 2) . .
Brid ,-e of the beginning stage.

1s a Lr_d ing phenomenon between the recrystal c,:veloped at

of pulling out during, the beginning zta-,; of op e_ a;,i on and
rear part of the growth boundary sur face as 	 is being

Growth bridge.
is phenomenon in which a stalagmite :rom the bottom, of the

..s -radually bridg..s over the crystal being pulled ou`;.
cripheral recrystallization (top and side si .;;i. crystal)

s the crystal is Lein,- pulled out, ::he
.s	 :-op and around tho side tridges over to

y	 Because of the increased volume of

. .s

_ V
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.i to th,

a	 the initial operatic up

	

off.	 ;r..	 •y surfaco 4(a% , Vlo; s

	

:r	 ail:	 )n (	 5,.

	c 	 per develops	 in,-	 Melting process and
:1a seed, ti:e rowti:	 'acs of t:ic soec

'own cry stal beCUP,lt^s aJOlyCryot:.. • :y1aG,

	

too	 i;; becomes a tree branch shapod
.,

C lm = i^.	 ) .
_ r	 ris	 c4. e in	 C J Jl r..v w as is no,, onou,; in co;;.par-

of 1/h4e Cl .l '^ V\il pul_ r.a^ r 6at1r , V•.a ^^ ^.. li. ♦ UoL. .1l+..^

	

-o_ ly	 a "growth chip" develcpz .
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J	 ovcrcome, for t: C La.anced
r. c-.	 cc	 • ol	 rccry::tallizatio n a,rc.r.c t:.c:

In exrc:ctatlon of a cuccc-ozf ul
1 circa.	 ice recry::tallization dc:volopment and

f the	 ;h site, the: zize of the p ulling out-
p 'Dt	 .:e lax-,	 --> 20^) .	 Alto,	 the tent has been

. o r..	 !zc	 struetur c cf the pullink cut bath
...e ntary heater and normalizatior, of the power

The ga.,	 the .ate of pu^UnC cut, the
.' tae boater,	 etc . ,	 r a coordinated ^'ollc^;in , the pre ra:: . cr

izatio:z. :he dir; cticn for Ions size production was ver fic.d.
using the above mentioned method:; of opvration, a ribbon

r tI.an 700 mm, was produced ana in 1978 a r i41-4 1jon
5,000 min was pr oducec.. 	 :'figure 7 shows the fur-

c. :ture of the deep bottom melt-4 n;; pot system for

avaluation of the cry-,, zal 
}
char^:cter i :;,ics nd
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tests solace bat ,, .-y character-  

..	 ..	 Size ribbon 

Q
also ;i.as a same qual +V^^ as

•...	 ..... ^^^ c:' , .. -Va l. ~inure U `Ô ho ,3 an examrle of the
-1 ..urac	 .:tic of the test solar battery.	 (:::a ribbon. cry:.t:,l

zlc	 ..as t:sed). Figure 9 show::, the distribution cf thy:
r.	 resistar^c^ .ate o f ^•h e long size ribbon cr, s;,al.

2. Brid le at the point	 .3r."
c	 out	 s l^

'N	 :ripheral rccrys-

-	 , recrysca lIzatioz
;	 - r_: bbon;	 - top r^ cry-
..^.^:: b: idle; 4- -•ibc+on
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